Abhayarishta is an Ayurvedic formulation prepared traditionally by the fermentation of the decoction of Terminalia chebula (pericarp), Vitis vinifera (fruits), Embelia ribes (fruits) and Madhuca indica (flowers). In the present communication, chemical changes occurring during fermentation in Abhayarishta have been studied for the purpose of its standardization. An HPLC-DAD method for quantitative estimation of selected marker constituents in the formulation has been developed and validated. A comparison of decoction and final processed formulation revealed that major polyphenolics (chebulagic and chebulinic acid) of T. chebula were hydrolyzed to their respective monomers and, consequently, there was an increase in the amount of chebulic acid, gallic acid, ellagic acid and ethyl gallate after fermentation. 5-Hydroxymethyl furfural (5-HMF) was also found in the formulation. Thus, emphasis is laid upon consideration of processing methods of formulation which has been lacking in the standardization of most of Ayurvedic formulations.
Arishtas are traditional medicinal preparations that are made in airtight sealed vessels by anaerobic fermentation of decoctions of plant materials (kasaya) with a solution of jaggery for a specified period of time. Fermentation generates ethanol that serves as a preservative [1] . Previously, we have observed that the processing methods of traditional preparations alter the concentration of desired marker constituents in the final formulation, for example the absence of triterpenoic acids in Arjunarishta [2] , and decreased concentration of embelin in Pippalyadi Yoga [3] . Hence, processing methods of Arishtas, such as preparation of decoctions, addition of prakshepa dravyas (plant materials added after preparing a decoction) and fermentation also need to be considered for their standardization. The Central Council for Research in Ayurveda and Siddha (CCRAS) [4] and the recently published Ayurvedic Pharmacopoiea of India (API) [5] provide physicochemical parameters (pH, total solids, sugar content), thin layer chromatography profiling and gallic acid content of the formulation. The main objective of the present work was to provide an efficient HPLC-DAD method for determination of marker constituents in Abhayarishta finished product and the decoction for _____________________ 
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in-process quality control (IPQC). For this, the formulation Abhayarishta was prepared strictly according to the Ayurvedic Formulary of India (AFI) [1] and the major marker constituents present in the formulation, as well as in the decoction were determined using RP-HPLC in order to study the chemical changes occurring during fermentation.
Selection of markers:
The decoction and formulation were prepared as explained in the experimental section [1] . Qualitative and quantitative comparison of the decoction of each plant and analysis of the decoction and formulation confirmed the source of constituents that are extracted during either boiling or produced during fermentation. Chebulic acid (1), gallic acid (2), 5-hydroxymethyl furfural (3), protocatechuic acid (4), chebulagic acid (5), ethyl gallate (6), chebulinic acid (7) and ellagic acid (8) were selected as markers based on HPLC chromatograms of the decoction and formulation (Figure 1 ).
Method development and validation:
After the selection, a method was developed for simultaneous analysis of these markers. Specificity of the developed method was checked by changing the solvent B (from methanol to acetonitrile). Limits of detection and quantification were determined by calculating signal-tonoise ratio (S/N) and are shown in Table 1 , together with regression equations and their coefficients of regression (R 2 ). The value of R 2 >0.999 confirmed the linearity of the method. A high repeatability was observed with RSD% values lower than 1.7 and 1.5% for inter-day and intra-day assays, respectively.
The high recovery values (93-105%) obtained indicated satisfactory accuracy of the method ( Table 2 ). The robustness of the method was studied by changing 
Quantitation of markers and chemical changes during fermentation:
As shown in table 3, the decoction contained high amount of chebulic acid (1) (highly water soluble), and the concentration of this acid increased more than 9 times in the final processed formulation. Polyphenolics with the chebuloyl moiety (for example, chebulanin, chebulinic, chebulagic acid and neochebulinic acid) might be hydrolyzed to chebulic acid (1) during fermentation.
There was an enormous increase in the amount of gallic acid (2) and 5-HMF (3) in the formulation as compared with the decoction. 5-HMF (3) is present in the decoction of V. vinifera and M. indica and is also reportedly formed under acidic conditions from fructose [6] . This is the first report of the occurrence of 5-HMF in any Ayurvedic formulation. The concentration of 3 needs monitoring as recent reports show it to be genotoxic and cytotoxic [7] . The concentration of ethyl gallate (6) in the formulation increased almost 3 times while that of ellagic acid (8) showed almost five-fold increase. Ethyl gallate is also formed from tannic acids in the presence of ethanol [8] . Chebulagic acid (5) and chebulinic acid (7), the major polyphenolic constituents of the decoction of T. chebula were not detected in the formulation. This could be attributed to the presence of a free galloyl group at the anomeric carbon that makes 5 and 7 susceptible to cleavage [9] . Moreover, the amount of chebulinic acid (7) in the decoction was found to be less (which is normally 2-4% of the total dry weight of the plant material) [10] , probably due to hydrolysis during boiling (simple boiling of 7 resulted in its hydrolysis). Catechin and epicatechin, present in the decoction of V. vinifera, were not found in the final formulation possibly because of their direct condensation with acetaldehyde produced during fermentation [11] . The physiochemical conditions, such as acidic pH, ethanol formation, and sugar concentration have a significant effect on the chemical changes that occur during fermentation. These are summarized in Figure 2 . One brand of marketed preparation showed the presence of a high quantity of benzoic acid (0.102% w/v), which is not mentioned in Ayurveda. Much lower concentrations of the markers in the marketed formulations indicated that these are being sold in diluted form.
Antioxidant activity:
A substantial increase in free radical scavenging activity of the final prepared formulation compared with the decoction was observed ( introduced through addition of prakshepa dravyas and jaggery, as discussed earlier [2] . Inhibition of free radicals generated in anorectal diseases (for which Abhayarishta is commonly used) decreases inflammation, pain, itching and promotes vein elasticity in the perianal area [12] .
In conclusion, using a simple and rapid RP-HPLC method for the simultaneous determination of eight bioactive constituents, we have established quality standards for a polyherbal preparation (Abhayarishta). The plants used for the preparation of the decoction are used in 32 out of 40 Ashavas and Arishta mentioned in AFI [1] . Therefore, the present method could also be applied to analyze the other Arishtas that contain T. chebula, V. vinifera, W. fruticosa and M. indica.
Experimental
The Shimadzu HPLC system LC-10AVP with PDA and CLASS VP software v.6.14 was used in the study. A reversed-phase C-18 Column, Luna® (250 mm × 4.6 mm i.d., 5µ) (Phenomenex, USA) was used for separation. All solvents were of HPLC grade. Methanol (MeOH) was obtained from JT Baker. Water was deionized and purified on an Elga® water purification system. Three marketed formulations of different manufacturers were procured from the local market, Chandigarh, India. Compounds 1, 2, 5, 6, 7 and 8 were isolated and characterized, as described, from the pericarp of T. chebula, and catechin and epicatechin from Acacia arabica [13] [14] [15] [16] [17] . Other standards, such as protocatechuic acid and benzoic acid were available in our laboratory. Preparation of formulation: 'Abhayarishta' was prepared according to AFI [1] . The formulation ingredients, according to AFI, were procured from the local market. It was prepared through an in-house standardized procedure in which powdered T. chebula (pericarp, 2040 g) and E. ribes (seeds, 204 g) were mixed with V. vinifera (dried fruits, 1024 g) and M. indica (flowers, 204 g) and boiled in water (21 l) until the volume was reduced to one fourth. After the decoction was prepared, Woodfordia fruticosa (flowers, 40.8 g) and other prakshep dravyas (each 40.8 g), Tribulus terrestris (fruits), Operculina turpethum (fruits), Coriandrum sativum (fruits), Citrullus colocynthis (fruits), Piper retrofractum (stem), Foeniculum vulgare (fruits), Zingiber officinale (rhizome), Baliospermum montanum (root), and Salmalia malabarica (stem exudate), along with jaggery (2040 g) were added and the wooden vat was sealed for 45 days at room temp (25 ± 2°C). After fermentation, the remains of all the ingredients were removed by filtration through a muslin cloth. The final volume after filtration was 4.8 L. The filtered formulation was kept in pre-sterilized bottles for maturation (monitored by observing the clarity of formulation).
Chromatographic conditions:

Preparation of decoctions:
Decoctions of plant materials were prepared taking the quantity in accordance with AFI (T. chebula, 8.5 g in 100 mL; V. vinifera, 4 g in 50 mL; E. ribes and M. indica 1g in 25 mL). They were boiled till the volume of water was reduced to one-fourth.
Preparation of standard solutions:
The marker compounds were accurately weighed and dissolved in 50 % aqueous methanol to give stock solutions of 1000 µg/mL. The stock solution was serially diluted to give working solutions for the construction of calibration curves.
Preparation of sample:
The formulation/decoction (1 mL) was diluted 5 times with water and 5 µL was injected for quantitation purposes. For quantitation of 1-3, the formulation was further diluted 10 times and an aliquot of 5 µL was injected.
Analytical method validation:
The accuracy of the method was determined by spiking the test samples with known quantities of standards and calculated by comparing the added and obtained quantities using standard linear regression. The percentage recoveries of all the standards were determined at two concentration levels. The precision of the method was determined by calculating intra and inter-day variances. For intra-day variance, the assays were carried out on herbal formulation samples 3 times during the day. Inter-day variance was determined by analyzing the herbal formulation samples over 5 consecutive days. Specificity of the method was checked by changing the solvent B (from methanol to acetonitrile). the peaks was checked by inbuilt software using multivariate analysis (λ = 200-400 nm). Signal to noise (S/N) ratios of 3:1and 10:1 were used for estimating the detection and quantification limits, respectively. The linearity range of a particular constituent was determined keeping in view their concentration in the test samples. All calibration curves were obtained from peak areas of the standard solutions at 6 concentrations, each in triplicates.
Antioxidant activity:
The antioxidant activity of the formulation and decoction were determined according to the published procedure [2] .
